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SECTION 1 - INTRODUCTION

1.01 Background

From the early 1970's to the Fall of '1981 , a surface impoundment

owned by the Nixdorff-Lloyd chain company (l'iLCC) in Maryville,

Missouri was used as a depository for process wastes. The process

wastes were generated during the production of low carbon steel

chains. The principal contributor to the impoundment was the pickling

operation where waste pickle liquor from plating operations and caustic

rinses were generated. Spent pickle liquor from steel finishing

operations is a listed hazardous waste per regulations promulgated by

the Resource Conservation and Recovery Act of 1970 ( RCRA) . As a

recipient of listed hazardous wastes, the surface impoundment became a

treatment, storage or disposal facility (TSDF) and subject to regulation

under the RCRA program.

No discharges to the lagoon have been made since october 14,

1981 , when the pickling operation was discontinued. presently an

in-plant treatment facility is used to reduce and neutralize process

wastes. The lagoonts contents were neutralized and decanted in

November of 1984. NLCC awaits final Missouri Department of Natural

Resources (MDNR) approval before completing closure activities.

Four wells were installed in't982 by NLCC to fulfill RCRA ground

water monitoring requirements for a surface impoundment per 40 cFR

265 Subpart F. Subsequent collection and analysis of ground water

samples from the wells was completed. Analytical resutts indicated a

statistically significant increase in RCRA ground water indicator

parameters hydraulically downgradient per the USEPA student's test
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statistical data evaluation method. These results were reported to

personnel from USEPA Region 7.

The owners of the surface impounciment were directed by USEPA

Region 7 to develop and submit a proposed Cround lVater Quality As-

sessment Plan (GWQAP) per 40 CFR 265 Subpart F. A proposed CWQAP

was submitted in November 1984. Final approval of the plan was gran-

ted by USEPA Region 7 in November 1985.

This report serves to document the investigatory activities com-

pleted as part of the CWQAP. Additionally, discussions regarding the

site geology and ground water hydrology are included. Cround water

chemistry is evaluated relative to the identifiable effects caused by the

surface impoundment. This report is submitted in fulfillment of the

requirements of 40 CFR 265.93.

1.02 lnvestigation Scope

The investigation scope of the CWQAP was designed to accomplish

two primary objectives. These were

1. Evatuate the contribution of the inactive surface impoundment

to the observed elevated indicators of ground water

contamination at existing downgradient wells.

2. Determine of the horizontal and vertical extent of observed

elevated ground water contaminant indicators.

Several different work tasks were completed to meet the above

study objectives. Specifically these included:

1 . Completion of a non-contacting fixed spacing electromagnetic

geophysical survey.

2. lnstallation of additional ground water monitoring wells.
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3. Cround water elevation measurements and in-situ hydraulic

conductivity testing.

4. Ground water quality sampling and analysis.

Prior to implementing the CWQAP representatives of the owner and

personnel from USEPA Region 7 agreed to its objectives and scope in a

number of phone conversations held between the period September 1985

and November 1985.

I
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SECTION 2 - RECIONAL PHYSIOGRAPHY

2.01 Topography and Drainage

The NLCC facility is located in the SE+SW+ section 16, Polk Town-

ship (T64W,R35W), Nodaway County, Missouri and situated west of and

within the flood plain of the One Hundred and Two River. A

topographic site location map is included as Figure 'l . The flood plain

is relatively low relief with elevations ranging between 295 and 305 feet

above mean sea level (msl). To the west of the site, the land surface

changes to more moderate relief with elevations range from 305 to 340

feet msl. From the topography, it is evident that the surface water

drainage in the vicinity of the site flows generally due east, towards

the river.

2.02 Ceology

Regional surfacial features are the result of Kansan Claciation

which took place in the early to middle Pleistocene. Unconsolidated

deposits consisting of outwash silts, sands, and gravels and glacial tills

underlie the area. A thickness of approximately 80 feet was reported

at the location of an on-site supply well (Appendix B) although it is

not known if the unconsolidated zone was fully penetrated.

Consolidated sedimentary bedrock of the Pennsylvanian Age Virgilian

Series exist beneath the unconsolidated deposits (AAPG; Mid-Continent

Region Geologic Map; 1966).
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2.03 Area Land Uses

The manufacturing building of NLCC faces U.S. Highway 136 near

the south property line (Figure I ). lncluded in this building area is a

shipping and storage warehouse. The lagoon area is located at the

western property line several hundred feet from the highway. The

majority of the northern half of the site is open field which has been

farmed in recent years.

The corporate limits of Maryville, Missouri lie within a half mile to

the west of the site. A Missouri Highway Department facility is located

on an adjoining parcel of land due west of the site. This facility

stockpiles de-icing road salt and road tar on the property.

Two power substations are located in the vicinity of the site. One

of these stations is located directly south of the abandoned lagoon.

The larger of the two substations is located across lndustrial Road to

the east of the siie. These features are illustrated in Figure 2.
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SECTION 3 - FIELD INVESTICATIONS

3.01 Terrain Conductivity Survey

A terrain conductivity survey was conducted by OrBrien 6 Cere

Engineers, lnc. (OBEC) personnel between the traverse lines shown in

Figure 2. A Geonics, Ltd. Terrain Conductivity Meter (Model EM-31)

was used to complete this survey. The purpose of this task was to

assist in detecting and determining the l'imits of the previously detected

high conductivity shallow ground water in the vicinity of the closed

lagoon. Traverses were conducted radiating eastward from the lagoon.

Data from this survey is included in Appendix A.

3.02 Ground Water Monitoring Well lnstallations

Per the agreed upon work plan , a total of ten monitoring wells

were to have been installed at the Nixdorff-Lloyd Chain Company

(NLCC) facility for the purpose of monitoring the upper and lower

portions of the water table aquifer. Eight of these wells were to be

compteted as four nested pairs. The other two wells would be deeper

wells set adjacent to existing wells MW2 and MW4 to complete nested

pairs at these locations

It is important to note here that the purpose of completing wells

MW5S and MWsD was to establish additional upgradient wetts. The

existing upgradient well MWl is located a large distance to the north

from the impoundment area and, therefore, may not adequately

characterize background ground water quality should ground water flow

in an easterly direction.
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During the completion of the first borehole for the installation of

additional ground water monitoring wells MW5S and fulW5D. a dense till

unit was encountered. Visually, this material appeared to be

unsatu rated and of low permeability . Completion of subsequent

boreholes for additional well installations across the site confirmed the

areal extent of this layer. A minimum of seven feet of this till unit was

penetrated at all ngw monitoring well locations (Figure 2). The

occurrence of this till layer was somewhat anticipated as it was

reportedly encountered at the location of the on-site supply wells.

Due to the occurrence of the low permeability till layer, a field

decision was made which modified the GWQRp with respect to the

monitoring well installations. The deeper wells were set at the top of

the till deposit which resulted in shallower depths than originally

anticipated and , therefore, shorter vertical distances between the

shallow and deep wells of the nested pairs. nt the two well locations

(MW7 and MWB) where the saturated thickness of the shallow aquifer

was less than 15 feet thick, a single well was installed instead of the

originally proposed well nest. As a result of these changes, only eight

of the ten proposed monitoring wells were installed.

Boreholes for the eight newly-installed monitoring wells were

completed by P.S.l., lnc. using conventional hollow-stem auger drilting

methods. Soil samples were col lected every five feet or change in

formation using split-barrel sampling methods (A.S.T.M. D-l587-67).

Undisturbed samples were collected with Shelby Tubes 5 feet into

the till layer at the MW2, MW4, MW7 and MW8 locations. An additional

sample was collected 15 feet within this material at MW7. These samples

were used to evaluate the grain size distribution and permeability of

this till using ASTM methods D-422 and STP 47D respectively.
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Each monitoring well installed by OBsC was constructed of 2-inch

1.D., 0.010 inch slot, PVC well screen connected to a 2-inch l.D. PVC

flush joint threaded riser casing. A washed sand was placed around

MWSS and M!V6S well screens due to the fine grained material encoun-

tered at these locations. The native saturated sand was allowed to

collapse around installed well screens in the remaining wells to create a

natural sand pack.

A 2-3 foot thick bentonite seal was placed above the sand packs,

and the remaining annulus was filled with bentonite/cement grout. A

four-inch locking steel cover was then placed over the well and cement-

ed in place. Specific wel I instal lation details are presented in

Appendix B.

All drilling and sampling equipment that may have come in contact

with potentially contaminated material *?t decontaminated using'a high

pressure steam cleaner followed by a control water rinse. Water gener-

ate during decontamination was disposed of on the ground surface

adjacent to the well site.

Newly completed monitoring wells were developed using air surging

methods. The development process was continued until each well yield-

ed sediment free water. Water from well development was discharged

onto the adjacent ground surface at each well.

3.03 Ground Water Quality Monitoring and ln-Situ Permeability Tests

Ground water samples were collected from each of the monitoring

wells on Wednesday, November l3 , 1985 and December 18, 'l 985 by

OBSG personnel. Prior to collection of the samples, ground water

elevation measurements were made. These elevations are summarized in

Table 1. Each of the monitoring wells were then evacuated using a
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centrifugal pump with dedicated hoses for the first sampling event and

stainless steel bailers for second round of ground water samples. The

wells were allowed to recover at which time samples were collected using

a stainless steel bailer attached to polypropylene cord. The bailer was

decontaminated after each use with an acetone wash followed by a

control water rinse. New polypropylene cord was used for each well in

order to avoid cross contamination.

The. samples were placed in containers and packed in coolers with

ice for transport to the laboratory for analysis. The samples were

analyzed for pH, specific conductivity, fluoride, nitrate, chloride, lead,

zinc, iron, chromium, sodium, sulfates, total organic carbon, total

organic halides and volatile halogenated organics. These parameters

were selected as those which best represent the historical content of

the lagoon. All analytical procedures were in accordance with accepted

EPA protocols. Chain-of-Custody procedures were followed. Cround

water analytical results are summarized on Table 2. Specific analytical

methods used are also indicated on Table 2.

ln-situ permeability tests were conducted in all of the monitoring

wells except MWl . The method used for this test involved rapidly

evacuating a volume of water from the well to create a hydraulic differ-

ence between the well and the surrounding aquifer. The recovery rate

of the water level in the well was then monitored. The value for the

hydraulic conductivity at each well location was then calculated using

Hvorslevrs formula, an acceptable method for single well hydraulic

conductivity tests. These data are included as Appendix C.
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SECTION 4 - SITE HYDROCEOLOCY

4.01 Site Ceology

Newly constructed ground water monitoring well borehole logs have

been used to construct cross sections to depict the sites subsurface

lithology. The locations of the cross sections are shown on Figure 2.

Cross sections are illustrated on Figures 3 and 4. Review of the cross

sections and monitoring well boring logs (Appendix B) indicates that

three different subsurface units are distinguishable

Silt with clay and some sand occurs at the surface and extends to

a depth of between 11 and 19 feet below ground level. The color of

this unit varies from green to gray to red brown with frequent iron

stains. Saturation was observed 5 to 7 feet below the land surface.

Beneath the silt layer, interbedded .fine to coarse grain sand

-. :occurs. This material is gray in color , saturated throughout and

becomes less sorted with depth. This is the formation in which the two

on-site water supply wells are screened (Appendix B).

Silt and clay glacial till underlies the sand formation. This unit

occurs at a depth of between 26 and 35 feet below ground level.

Traces of coarse sand were noted throughout this formation mixed into

the silt and clay matrix. The unsorted and unstratified nature of this

unit is typical of glacial tills. This formation is also identified in an

available well log for the supply wells and indicates that the till extends

to a depth of 80 feet. Civen this significant thickness and that the

unit was encountered throughout the site, it is apparent that the till

represents a tocal and likely regional aquiclude that defines the tower

boundary of an upper unconfined (water table)'aquifer.
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4.02 Cround Water Hydrolooy

Ground water elevations have been recorded on three separate

occasions since the completion of the additional monitoring wells. These

data are summarized in Table 1 . Data recorded on November 13, 1985

have been used to construct Figures 5 and 6; generalized ground water

elevation contour maps for shallow and deep wells respectively.

As shown in Figure 4, horizontal ground water flow is generally

east-southeast. ln the vicinity of the lagoon, however, a diverting

flow pattern is apparent. This pattern of constructed ground water

contours is strongly influenced by the relatively high ground water

elevation observed at Well MW3. Although the high ground water level

at MW3, as compared to adjacent well groups MW2 and MW4 which have

water levels consistently 3 to 4 feet lower, cannot specifically be

accounted for, it is likely that. localized ground water mounciing is

ocburring. This may be caused by the lagoon serving as a localized

recharge area due to surface ponding of precipitation (as it is out of

service and not receiving a hydraulic load from wastewater). This

ground water mound, for an unknown reason, is slightly elevated in the

area of MW3. This effect will not likely continue subsequent to final

covering and closure of the impoundment. Further hydraulically

downgradient the diverting flow pattern becomes less apparent and

returns to a predominantly east-southeast direction.

Figure 5 illustrated the interpretes ground water flow pattern

using data from monitoring wells installed at the base of the water table

aquifer. Review of this interpretation indicates that flow direction is

due east under a relatively shallow hydraulic gradient of 0.008 ft/ft. A
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deep monitoring well at the location of MW3 is not available to determine

if the deeper portion of the water table is influenced by recharge from

the impoundment area. By removing this data point, however, a

ground water flow pattern likely more representative of regional ground

water is apparent. This predominant easterly flow direction is consis-

tent with local surface drainage and physiographic condition with par-

ticular regards to the position of the One Hundred and Two River

approximately one mile due east. This river channel likely serves as a

regional discharge boundary for shallow ground water.

Recalling earlier discussions, it was stated that the previously

existing well MWl was likely unsuitable to serve as an upgradient well

as it far removed from the upgradient flow path and water passing

through MW1 would not pass near or beneath the impoundment. lt is

apparent from the above discussion and in particular, Figures 5 and 6

that the newly established MWs group is better able to evaluate back-

ground ground water quality as it is located nearer in the upgradient

flow path of the surface impoundment.

Results of the in-situ hydraulic conductivity test completed are

summarized on Table 1. Raw data is included in Appendix C. Review

of Table 1 indicates that the horizontal hydraulic conductivity for upper

silt formation and the underlying unsorted sand unit range between 0.5
')..Rr-?GPD/ft' (2.4x10'cm/sec) and 42.4 GPD/ft' (2.0x10-'crn/sec). These

end range values are each approximately three times lesser or greater

respectively than the next calculated values. Referrring to Table 1, if
these low and high values are disregarded, the remaining results very

near each other averaging 7.4 GPDtf* (3.SxtO-4cm/sec). This value is

reasonable for the type of"subsurface material observed, i.e., silts and

sands.
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Although the differences in grain size of the two upper formations are

distinguishable in the field, the variability their hydraulic conductivities

is minor and suggests that they function as a single hydraulic unit.

Cround water f low velocity across the site has been estimated

using a modified Darcyrs Law expression to calculate lineal velocity.

V=Kl
f[6fy

where:

V = average lineal velocity
K = hydrai-rlic conductivity (7.4 GPD/ft2)
| = hydraulic gradient (0.008 ft/ft)
Sy = effective porosity (estimate 0.25 for silt and sand)

then:

V 7.4 x 0.008
7.48 x .25

0.03 ft/day

= 11.6 ftlyear

Crain size and vertical hydraulic conductivity test results for

glacial till samples are contained in Appendix D. These analyses

indicate the till has a low hydraulic conductivity with values averaging
-7 ',

7x10 ' cm/sec (0.01 GPD/ft'). Civen its low hydraulic conductivity,

the glacial till formation serves as an effective barrier to vertical

ground water flow.

4.03 Ground Water Chemistry

Table 2 summarizes the ground water quality results of samples

collected on November 13, 1985 and December 18, 1985. Figure 7

graphically illustrates the results at individual shallow well locations of

those parameters that showed concentrations above the detection limit.

Note that results for lead and cadmium are not shown on Figure 7,8S,
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referring to Table 2, they were not detected above 0.01 ppm. Addi-

tionally, it should be pointed out that the concentrations shown on

Figure 7 are the highest reported value of the two sampling events and

in some cases values shown at a particular well may be results from

different sampling times. The illustration is intended to show the

spacial distribution of relative corrcentrations across the site.

Review of Figure 7 and Table 2 indicates that the majority of

parameters are observed in the highest concentrations upgradient of the

site at MW5 group. Excepiions to this are:

'l . . Fluoride is elevated compared to that observed at l\41V5 group,

at downgradient wells groups M!V4S, MW6S, MWOD. MW7 and to

a lesser degree at MW8

2. Zinc is elevated at MW4 group as compared to MW5 group.
' 3. Sulfate is elevated at lvells MW2S, MW2D, MW3, M!V4D, and on

one of the sampling occasions, at M!V4S and MIVB.

The organic indicator TOC (total organic carbon), also was

observed in higher concentrations at the upgradient well MWSS in the

second set of samples than downgraciient.

Figure 8 illustrates the results of the non-contacting terrain

conductivity survey completed downgradient of the surface. The

survey results appears to have identified the high conductivity ground

water directly adjacent to and downgradient of the impoundment. Two

other anomalies are apparent; one east of MW2 group and one at the

southeast corner of the survey area. Given the proximity of power

substations in the area, a large amount of interference exists in the

area making it inappropriate to interpret individual anomalies.
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From Figure 7 and Table 2, it is apparent that the spacial dis-

tribution of both inorganic and organic parameters strongly suggests

that an upgradient source of these materials exists. This was prelimi-

narily determined follovring the review of the second sampling round

analytical data. Subsequently, a re-inspection of the area immediately

hydraulically upgradient of the site, was completed on February 19,

1 986 by personnel from OB sG . The inspection of the property was

made from the Norfolk and Western railroad right-of-way. The results

of the inspectibn revealed the presence of what appears to be a bulk

road salt storage pile. Additionally, an uncontrolled, unremediated loss

of road patching tar is evident at the property fence line. This tar

material appeared very viscous, although the ambient temperature was

approximately 35oF at the time, and has made its way into a small

drainage ditch on the west side of the railroad embankment. Both of

these materials, road salt and tar, can contribute to the concentrations

of analytical parameters monitored around and downgradient of the

inactive surface impoundment. Civen the existence of hydraulically

upgradient potential sources of ground water contaminants, conclusions

cannot be drawn as to the contribution of the monitored water quality

parameters attributable to the inactive surface impoundment.
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SECTION 5 - SUN,IN4ARY AND CONCLUSlONS

5.01 Summary

A Ground Water Quality Assessrnent Plan (GWQAP) has been com-

pleted at the site of an inactive surface impoundment owned by

Nixdorff-Lloyd Chain Company and located in Nodaway County,

Missouri. The GIVQAP was completed in accordance with a work plan

approved by USEPA Region 7 as per and in accordance with 40 CFR 265

Subpart F. Specifically, the following investigation work tasks were

completed:

1. Ceophysical Survey.

2. Ground Water Monitoring Well lnstallation.

. ln-Situ Hydraulic Conductivity Testing.

4. Cround Water 
,Elevation 

Monitoring.

5. Cround Water Quality Sampling and Analysis.

This document summarizes in detail the investigation method and

procedures and presents interpretations regarding the hydrogeology and

local ground water quality.

5 .02 Conclusions

The

clusions:

1.

completion of the GWQAP has resulted in the following con-

The site is underlain by three identifable unconsolidated

deposits which are in descending order:

a. Silt with clay and sand from the surface to between 11

and 16 feet below ground level.
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2

3

4

5

6

b . U nsorted sand beneath the silt to a deptlr of 28 to 36

feet.

c. C lacial till beneath the unsorted sand to an estimated

depth of approximately B0 feet.

Shallow ground water occurs beneath the site at depths of

between5andTfeet.

Although visually distinct, similar hydraulic conductivities

between the silt and unsorted sand formations suggest they

function as a single hydraulic unit. The estimated average

hydraulic conductivity for these materials is 7.4 GPD/ftz.

The glacial till underlying the unsorted sand formation has an

average vertical hydraulic conductivity of 0.01 CPD/ft2

(7x10-7cm/sec) and act as a barrier to vertical flow.

Cround water flow is in an east-southeast direction across the

site under a hydraulic Aradient of 0.008 ft/ft and at an

estimated velocity of 1 1 . 5 ft/ day .

Ground water quality data suggests an upgradient potential

source of inorganic and organic ground water contaminants

exists.

The ground water quality data base is insufficient to deter-

mine to what extent the inactive surface impoundment is

contributing the observed concentrations of ground water

quality monitoring parameters.

7.
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Respectful ly Submitted,

OIBRIEN S CERE ENC INEERS, INC.

Edwin C. Tifft, Jr.
Vice President

Dean L. Pa! r, P.E.
Managing Engineer

Prepared by:

James T. fulickam, C.P.C.S.
Managing Hydrogeologist

Deborah E. lVright
Project Hydrogeolog ist

Peter C. Bogardus
Hydrogeologist

Joseph J. Fi'ala
Designer
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FIGURE I

NIXDORFF- LLOYD CHAIN CO.

MARYVILLE , MISSOURI

TOPOGRAPHIC SITE LOCATION MAP

ADAPTED FROM U.S.G.S. (7.5 MIN.) MARYVILLE EAST MISSOURI 1985
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SURVEY DATA (Cont'd)
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APPENDIX B

Dri I I i no Loqs and Wel I De tails



IEST E8RII{G Lffi

File |lo. 3050.(t05

Tyoe:
llanrer:
Fall:

SAPLER

Sarole R

I
k
E1

Samle
Oescri of iorr

Stratur
Chanoe
Eeneial
Iiescri st

Eoui pnent
Irrstal led

*
Fterretrn/
Reeavery

Depth Blors
lB'

7-r3-13

H-la

J.q.J

3-4-5

2.2-3

8-8+

6-7-10

SHELEY

Eray, x,ist. SILT, scue firre Sard. trace
Clay

noist, SILT, srre Clay, trace
{ircn oxide Etairrs)

Red-brnonn, roist, SILT, sore Clavr trace
fire Sard. (irsrr oxide stains)

Red-green, roist, SILT and FII€ Sf;0{0, little
Clev. (irin oxidi stains) tg

I

5r
6ray, rret, FII€ to C0flRSE Sft{D' little fire
iEravel
I

I

I

I

I

II sr.:'
I

I

I

I

I

l6ray-biack. noist. Ci-f,Y. sc{e Siit. trac-e

lcoarse Sarrd

l9t

GraY. *et, FIIE SAJ.iD

3r

Eray-grcerr,
fine Sard,

I I

It4

I

a

3

4

E

1

b

l0-l l. 5

l5-r6.5

a:Fit.

ei.e6.5

30-31.5

33-36.5

0-1.5

H.5

J

O'Ef;IEH & 6ERE
El,EIliEERSr Ilt0.

Report sf Borirrg No. l{l,l lsr Id' Street i of I

llater Depth Date
Ileoth - Date -

- 
lFraject Lccatiorr
lllarwiller Xisscuri
Cl ier't l
l{i xdorf f-Lic,vd Cirairr Ctroanv

Ecring Cr,. 0raha Testing Divisiorr - P,S.l.
Foreran: Scott Krat:

P*rirrg Lcratiarr: lh 2sr 2d
Grsurd Elevatisrr:
Dates: Started: ll/8/85 Errded: lll8/&50P€ Bealogist: Peter Bogar{us

Deoth

0r

rqt

s0l

5r

l0r

It!

30r

33r



& uERE
S,lbiliEERS. IHC.

Reosrt af Bsrino l,lo. l{|l 4s. *J
Sheet i of I

, rrject Lccation
!llarwille, llisssuri
'il ient:

li xdorff-Lloyd Chain Crooanv

roorinq Ca. 0naha Testino Division - F.S.I.
lForemin: k<,tt Kratr

ts6 Geolc,gist: Feter BogarSus

6r.ound llater Depth Date
0esth - Date -

Eorirrg Lccation; Hl 4s, 4d
Erturrd Elevalic,n:
DateE: Started: ll/E/85 Erded: ll/8/85

Deoth

0r

6r

l2r 3

18r 4

i
I

30r b

i4r

38' 7

TEST BORINB LM

Fal l: ie Ng. 3t150.m5

SIIiPLER
Type:
Hamer:

Sarole

s
F,eretrn/
Eectvery

Ihoth Blss
t6,

Sarple
Ilescriptiorr

Stratur
Change
Eercral
Descript

Equipnerrt
Irrstal led

R

o
k
3t

l0-l 1.3

1116.5

r(Fct. _:

e5-e6,3

JU.JI. f

35-3D.3

0-1.3

H.5

l-l-a

l-1-l

8-8-lt

/-E-t

$elbv

6-6-6

J-h

e-3-4

{hangrbncm, xrist, SILT, sc,ue fire Sard,
tracr Clay

rcist, SILT, srne Clay, trace
(irsn oxide stains)

It

Erav-gruerr, noist, SILT ard CLAYr traee fire
Srrrd. (irorr r,xide staim)

noist, SILT. sore CIay, trace

6ray, net, FIIE to lEDIuil S${D

6ray. rret FII€ to C0ARSE SAllD, little firc
6raGl.

34r

noist. CIAY, little Silt. trace

l5r

l8r

3t

6raroreen.
firi Sand.'

6ray-gr^een.
fim Sard

ttl

Erav-bl
cBarge

ack,
Sarrd

4l! 6



C' FRIEN & 6ERE

EI,i6iI€ERS. INC.

Pnoject Lccatian
t4arwiiie. flissouri
Cl iint:
Ni xric,rff -Li€,vd Cnairr Ccooarry

krirro Cc,. 0raha Testirro Divisiorr - F'.S. I.
Fore$ir,; Scc,tt Kratr
U38 Bec.lcoist: Feter EaoarduE

i *o,n

l8'

Boring Lrcatisrrl |*J 3s. :d
Ersurd EleYaiiarr:
Dates: Star+ed: lllS/us

TEST BORII{6 Lffi

Errded: 1l13/85

0!

6,r

trt
.L

14r

j.0!

36r

Eepcrrt of Barino lio. H 'Js, 5d
Sheet I of I

Itater Deoth

Fall: le Ns. 30$.005

sIilgLER
Tvoe:
Hirsner:

Date
Oeoth - Dete -

Sarole

t,
Fwetrnl
Recc,verv

Deoth Elons
16,

Sarole
DeEcri of ic,n

Stratur
Char,oP
6eneial
Descri pt

Equipnent
Instal led

lI,[J

R

!
k
5I

i{\\N

I

I

I

3

{

b

6

r0-1 l. 5

l5-tb.5

e0-i1.5

3ie6.5

3tr 31,5

i!-ib.3

0-1. 5

3-o.3

74e-fi

7-10-r I

3-3-{

31-/

e-3-6

t-c-.j

t-3-4

5-4-6

Gra1r, raist, SiLT, sc,ee srgBrricg

Eralr-green. oaist. SILT, scrne Clav, trac:
fini Sand

Elack, net, SILT. sone fim Sard

6rav. msist. SILT. sore Clav. trace fire
Sarrd, ivarved silt arrri ciav ler,ses)

Eralr. net, FIhE to lEDIl,ll SSID

Eray-black. moist. CLAY, xae Silt. trace
Cc.ai"sB Serrd.

:f El

:t

6ray,
lu?-

?ql

l5t
ri El
LJ. J'

rEt, FII€ ia C0ARSE SrLiD
inch silt lense at 31.5 feet)

,,. r^r

,iit



lt
30r

O' FRIEil X 6ERE
ElsIl€ERS. it{c.

Project Leation
llalwille, l{isssuri
Cl ient:
l{ixdorff{loyd Srain Cflpeny

0epth

l5t

aor

TEST BORI}E LO6
Report of Boring lh. l-4J 6s, 5o

Sreet I of I

Erourd llater Depth Date
Depth - Date -

0r

qt

t0t

a,

Fail:

s#tE.q
Tvoe:
Hirer:

le lb. 3050.005

Boring Co. thaha Testinq 0ivision - P.S.l.
Foreran: Scott Kratz
086 Eeologist: Peten Bogardus

I

Eoring Leation: lll 6s, 6d
Eraund Elevationl
Dates: Started: l1/3/85 Ended: lliSl85

Sarple

I
Perctrt/
Recover-7

Depth Blors
/6"

Serole
Ihscription

Stratur
C}tange
EErrral
Descript

Equiorert
Instal led

lflu

R

I
k
St

*t 's

mffi

I

a

3

5

7 30-3r.5

l0-11.5

t5-15.

a5.2Ls

0-1.5

H.5

5

ffit 5 7-E-15

l++

b-E-/

3-3-5

e-3-3

6F7-l I

t-84 aclq rcist 0IY, sa Silt, tracc
S.nd

6ray, .mist, SILT, so* fine Sard, trace Clay,
orgenrcs

3r

rcist. SILT, sm Clay, trac.e
{iron oxide stains}

El, FII€ Sfl0, little Clay

Say, rrt, SILT, sm Fine to |tsdiu SflO

6ray, rt, FIIC to qnnSE SSII

6ray-green,
fine Sard,

9r

I

bruy-gre€q

ls
15.

(t

45.9

6re1-bl
eoersP

ans



t]I BfiIEN & 6ERE
EN6II€ERS. IIiC,

Fwject Lccatic,rr
|tarvvilie. |iissouri
Cl iirrt:
Ni xdorff -Lic,vri Cirairr Cc,moarrY

Ec,ring Co. (haha Testing Divisiarr - F.S.i.
Fc,renarr: Scc,tt Kratr
OBE Eeolaoist: Feter [tgardus

Deoth

0r

l?r

lar

e4r

3i!

TEST B{lfilti6 106
Reoort c,f kring

Sheet I of
H(,. Ill.l 7
I

Erourrd llater Deoth Date
0eoth - Date -

Bc,rirro Lccatianl l$J 7
brBur,6 tlevai lc'r,:
Dates: Started: ll/o/85 Erded.r ll/7181

6,r

30'

4lr

F I le l{s. irJSrJ, r.}0-.r

SIIHPLER

T

l:

Sarole Stratur
Chanqe
General
Descriot

Equiorerrt
Irrstal led

HNUpH

Field Testino

So
Cc,rd

R

n
k
5t*

Depth Bla*s
/6"

bemBle
Descri of iarrFEnetrrr/

Recovery

\tNi i:ii:i:

l0-l 1.5

r5-l6.3

e0-i1.5

E5-86.5

Ju-il.3

4tF4l.5

{i4b.5
46.3-47

0-1.5

5r.5

6-lir-ltl

8-t0-t0

S|ELBY
NO. REC

9.ll-5

4-4-5

a-3-5

s-t-3

SI{ELBY

Si€LFY
*,LIY

6ray. naist. SILT. x,re fire Sard. tract
Clay, orparrics

{hanse. x,ist. SILT. sose Clav. trace fire
Sand.- iirc'n elide stair,E) 3.5'

6rav-greerr. mc,ist. SILT, sc,ne Ci;y. trace
fim tc, cganse Sar*i. iirerr oxide stairrs)
Red-bronr. noist, SILT, sare Clay, trace
fine tc, eoarse Sarri. (irc,r, oxide stairrE)

6ray. tlet. FINE SRNO. (Eilt lensei) r.

6rair. *et. Fil€ tc, |€DIUX $1ND

6ray, mt. FII€ ts C0CRSE SRl.i0. soue firre
tc, coarse Eravel. traee Clalr

acx. nsist. CLAY. iittle Silt. traee
Sart

?t

l6!

e6t

6rarbl
6Bala5€

llr
l3'

.:.:.:.:|_'.'.1.:.:.:.:-...'...'.

a

ir,

It

L

?

{

t

6

7

o

4it



OIBRIEN & 6ERE

EI'i6II€ERSl INC.

Froject Lccatiarr
i,ierwiiie. iii;souri
Cl iir,t r

Ni xdarff-Licvd Chain Ccssarry

ltarirrg &,. 0rnana Testirrg Divisior' - F.S, I.
Foreoan: Scttt Xratr
OBE Eec,iogistl Feter Eogarrius

Desth

0t

EI

l0r J

l3'

TEST EORING LO6
Reoort c,f Bsri

Sheet t
No. fl.l I
I

rr0

ci

6x,urd llater Deoth 0ate
Deoih - Date -

Barino Lscaticnn: l[,] I
ErourrE Elevaticrr:
Dates: Startedr lllT 181 Erded! ll/7/85

T

li!

,]q?

7mr

Fail:

Sf,HFLER
Tvoe:
Hiuer:

File llo. 3050.ffE

Sanole

I
Ferretrn/
ie$,yery

Deoth Blo*s
16"

Sansle
Descri of isrr

Stratun
Chanoe
Eer'eial
Descriot

Equignerrt
Iristal led

Hrud{

I

Fieid Testi f,9

So
Cord

R

n
k
st

SSii :iiii

\-1.5

H.5

l0-1 1. 5

15.l6.:

e=J.aLS

ilF31,:

33-$.:

3-5-6

3-4-3

t-e-e

S-It--J

9-.r-S

-l J

I

H-3

Si€L8Y

I

lt-u

,6ravr.rcist SILT. sc*e firp Sard. trace Clay,
lor$nrcs":?l
t"

6ray-gr.eerr, moist, SILT, scm CIay. trace
fine Sard. {irorr oxide stains)

6ray, riet. SILT, sme CLAY

Erargreen. noist, SILT, same Clav. trace
firB Sard. (irorr oxide stains)

:1,
6ray. r'et. Fil,E Sfll.lDr sc,ne Clay. trace Silt

g5r

Et, FIIG to CtlflRSE SRID. tittle fi?:,,

6ra1r-blaek. mist Cla1r, sare Silt. trace
caerse Sarai.

ur

B0B 3o.,

3

6ray,
Enavel

iiii=xHlii



.'-=::tr

INVOICE

{eg*, -tl/estern Compang, lnc .
WATER SUPPLY SERVICES

WATER WELLS . LAYNE PUMPS o TEST DRILLING . WATER TREATMENTEQuIpTuENT
'I0l0 Wcrr 39rh S'r.Gr o Xonror City, Mirrouri 6/allt . AC glJ..:,itl-ZISS

Sold To Lloyd Chain Corp.,
Highway 136
Maryv-i-11e, Missouri

Attn: Mr. Norman Craig

Dote 4-22-70

CUST. ORDER

ouR oRoER KC 633-8

ouR rNV No. 45Lg

TERMST NEr Caslfays SHIPPEC VIA F.O.B

For t€st drilling and
supply weIls at plant
Missouri

installation of 2 water
on Highway 136, Maryville

203 lineal feet of test boring @ 2.75 per ft...

2 6" x 15" gravel wall wells @ -975.00 ea.

lf'lntt'r'.st Pr,r M.rhth ('tr^rg,.(l Fr,'m.
3O Days ,\f t, r D^t.. ,,,' IrrLt r.,,

$' s58.25
I

1,950.00

$ 2,5O8.25

:i
ii
It

,i



TEST l-no!-E

?/t/not,o*

r\.EPCRT
{)oLat/no- rnPs"wi

Contract Nam Lloyd Chain Corporation

Job No r(c 633-8

c I'laryvi1le

Test Hole Locat

4/6/t o

Missouri

TEST HOLE

No.1-70

Drille J. Harper

15 I E. 5 r S. of S.E. corner of Building
Distance and Dlreaion from Permanent Landmrrk or Previous Test Hole

?o

HARSH

FUNNEL

vlacoalt'Y
aicoNoa

ruo PIT

LOSB

INCHEA

I l0rr

5r0"

11' 0'

20r0"

22'O"

25. O" water 7)I
a

30r6" ll It5

80r0"

Total de pth

FROT'

0r0"

1r 0"

5r0'.

1rr0"

20r0"

22t O"

25r0"

30r6"

g0r0n

TEST LOG

Static Water Level Measured

Hours After Completion

FOFMA'IOX

Brown cJ-ay filL

Dark gray c1ay, stiff

Gray c1ay, stiff

Dark brown clayey silt, soft

Gray sandy clay, soft

Gray med. to coarse, some fine sand

Gray med. to eoarse, tr. fine sand, gravel

Gray sandy cJ.ay, few boulders, stiff

4r0rr
..IOTES: Slzc of

5.0, 3.6I

Drt



Z s Qn'r
WELL INFORMATION

L)

Layne-Nflestern Co. Inc.

1. c o NT R A cr... . L la x.o-..... C.etA l N ... . Ca rzp-....

2. Ciry, State..Lt4reg:Y-V.I Ll*E Mrss.oLre.tt"'

3. Well No..Z....NQ,. at Test Hole No...3..

4. Well Location ( attach mail .. Z.Z.=. 1... tJ o.f=f: H-...eF..

....We,,,-... N.e,...1..* r.=..t o...J .. Ez*sr ....o.8..........

...EUI LD!N4.....Lr.N,E Other........

i

l

!
t

t
I
I

I
F

'
)

:

10. MATERIAL IN WELL

Screen

Inner Casing

Outer Casing

11. GRAVEL

NO.

,1

Oprningr

12. SEALING CASING
Puddled Cloy (Yes) (No)

With ---A-.. Baep Bentonite Added

or
With .----....--. Bags Cement

SeaI Material Placed in
Wen With.......€tlosz. gt_......_.........-...-.

Bottorn of Well Screen
Sesled With .-\yA3H.--pLI! d...........

13. WELL DIMENSIONS

A. rotar Depth ...........28.1 a.1!
(From Top of Inner Casing to Bottom of
Well)

B. Height of Inner Casing.......l.l
(Above Ground Level)

c. Distance to Top of Gravel-...f +i.eZ1. ...-...
(From Ground Level)

' D. Di*.eter of Drilt Hote .l-S...1.....

size..f...3-..*..f.*....a.travEt-.........--- """';'' ;t;);7' 6;' @;Z:,;#'.".
rons ?.7*z-...1............... .....=33.d

TENGTH
rT lN.
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C^GE
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THlCr.
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WELL INFORJU{ATION
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i
:

10. MATERIAL IN WELL

Screen

Inner Casing

Outer Casing

12. SEALING CASING
'-- Puddled Clay (Yes) (No)

Witn ---$-..-- Bags Bentonite Added
or

With .---.----.-- Bags Cement

Seal Material Placed in
Well With..--SJCo.VE l_...-....-.

Bottom of Well Screen
Serted with ..!$/AaH..-.-.p_LAt6........

'l
Opraingr

13. WELL DIMENSIONS

A.TotaIDepth.............3.l",.u.!!.........
(From Top of Inner Casing to Bottom of
Well)

B. Height of Inner Casing..-.....f1.411. ... -.....
(Above Ground Level)

C. Distance to Top of Gravel.....t*l.p-il. -..-...
(trrom Ground Level)

O. Oiameter of Drill ffof" .-...-..1

NO.

11' GBA,EL 

4f,.aun , *&*;l
rons .-3. 
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fI tx.
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xEss rN.
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gHATTER,
ot'

I2 le I
Shcrtor
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J\IPING TEST

Test pump

Perntanent pti,

Length of column

.......-....in.-........-.....Bow1.-..-..-..--...Stages

Ft.

Length of Borvl ..-.----.-.Ft.

Length of suction ......-.Ft.

B. I\Ieasured rvater level ----...... Ft. from top of -.-.-..----.In. ORIF'ICE

dia. casing which is ....--...--..-.-.--- Ft. above ground.

C. Length of airline --.-.-.....----.---.Ft. from top of casing.
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oRrilcE
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2"*
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,.r,; , rL'.)

I
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Permaoent air line length ....--J't Date...........
X..at Dc, Yorr
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.l" I. PUi\IPING TEST

A.
Test pump

Permanent pump
...-.........-..in.....-...-..-...Bow1.......---._...Stages

Length of column ....-.--Ft.

Length of Borvl .....---.-.Ft.

Length of suction .Ft.

B. trIeasured rvater level ...-...... Ft. from top of ....--......In. ORIF'ICE

dia. casing u'hich is .....--.-.-..-..---. Ft. above ground.

C. Length of airline Ft. from top of casing.

GPA{
ATI. OAGE
NEADING

WATER,
TEYEL

0
42,o 4,b
43,O li ,3 l

47.o lz,5 i

4z,o l3,lo t

+1,o 14,+'

4v,o 15.o I

47.o l-l,o I

4v,o I b,ol
43,O Zo. I

I

+v.o zi,ll
n 43,O 27, I

i

,r)tr 2Z I I
i 'TO q + 3V 2:14. ^*,

TIME

rNcHes
oRrf rcE

A{ANOMETER
DR,A'W

oowN

(zo mi

1:Oo

', Ol
4 

"oL

"o3
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nt to
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1I- Permanent Pump No.
tqi.

Permaaent air line length .......Jt

installed by

X..,al Dqt Yre;



APPENDIX C

In Situ Hydraul ic Conductivit y Test Data
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OBRIEN6GERE

PROJECT /t't( (1,

WELL NUMBER /?it.r,.1 tr.1
DATE h lt/ /A'"f

II{-SITU PERMEABILITY TEST
FIELD LOG

LOCATION

ELEVATION

+ h-r (n,u\
Irue

WATER

DEPT}.I h

H-h
H-Ho

h

t.o
o.9
o.8

o.7

0.6

o.5

To ) 0.37

o.3

o.2

t=€

l-n
OAruM

H

+

t=0

srATrc HEAD (H) ru-
PrPE RADlus (r) -Jil
scREEN RADrus (R) , "1?

SCREEN LENGTH (L) E-
lNlTlAL HEAD (Ho) )D.5'

:l
;l
,.1

T
L

_L

HYDRAULIC CONDUCTIVITY :

K:r2tn(t,/R)
ZLTo

(:
-/ (r,

7 AIL\ E (t /src-

n t 1.31 t f: <-t)

tn ti) . -)n t?'Gt d,c

.'i i rr. i t ,9t n t2. _'7i
i '--. + "i tt 3o li

'\ a'1 i/ 11 ) ')'1 '/.1

tl. t1 1 il.
.l lt . ct. q
4h i/ 1,: ; ,' 1'L ./.,L
1,,{,,3 '1 '/l b.9.\ r i /i ,;7
x1 c.3' g; i/) . +t:.;'
t t\.t) Q, i't lDa 't.1 i '7'7

il1 qe It, 5 t) Q.4 r)i

;,1 i,R /c rl QC ?t^:
lCr F:i tg t1 1'4 ,.1d

o.l
TIME



O'BRIEN6GERE

Ii\i- SITU PERMEABILITY TEST
FIELD LOG

PROJECT A\L ( ( LOCATION

ELEVATIONWELL NUMBER

DATE

-.1 Fr

t=€

(n,t) WATER

DEPTH h

H-h
H-Ho

OATUM

t=0

t

srAIC HEAD (H) 3t5'-/

PIPE RADIUS (r) -(ru
scREEN RADtus (R) cE
scREEN LENGTH (L) 5-
TNIIAL HEAD (Ho) 35
HYDRAULIC CONDUCTIVITY :

K:rzln(L/R)
2LTo

(: '/"3 xic-4 o^' ,"
i '/ s. ic'"t */s,;c

H

h

t.o
o.9
o.8
o.7

0.6

o.5

.To ) O.37

o.3

o.2

:l
:l

.t

T
L

_t_
I.- n

a ic. e! n;- !
7t q< .?t 9s.f . y,(,

I ll )l 1,; 1q
.f .'1

(r- r. F7 1 t.. r, -)1

t-t1^ ?.if t il': tt. t1 /.,qr

r ..3.) 9, t^') l.)1 /.1
r.5'l ;:. i' / t/ 2.6.5 c .':' /
iqr F.2,C t.7 t ')t^ Lr')

,Q t t,. F,. t t, ) tt". 'Jr.. (-14 .4i
i ?/: ,) f" ilC 11. t1 '14

3 t,1' I l,l, ,3 L5 ),),'44 14
,/ 5i) 1,,;t .-/.,;r L'l 5-i) 2q
.{.- -r x- '1. q.l ;.': { L) t.') )L)
(,.5r ).r7 b,5X n1 Q2 ?t-\
?. ic.- '1 t'4 F..cc-' \1 4t. lt.t
I /L, L)c' -N.t) ,IJ

o.l
TIME



OBRIEN6GERE

PROJECT lVtCC
WELL NUMBER fi)r,\ 3

DATE

le-r

t=€
srAIC HEAD (H) 14 9t

PIPE RADIUS (r) ,lL'b

scREEN RADtus (R) e-
scREEN LENGTH (L) lc
lNlTlAL HEAD (Ho) lJ-
HYDRAULIC CONDUCTIVITY :

K=ratn(u/n)
2LTo

K: 3,'? i l0-1 o^/.stc-

l.A,rtD'5 F,/ste

II{_SITU PERMEABILITY TEST
FIELD LOG

LOCATION

ELEVATION

TIME

WATER

DEPTH h

H-h
H-Ho

H

t

t=0

h

t.o
0.9
0.8

o.7

0.6

o.5

.To ) O.37

o.3

o.2

l.- a
DATUM

T
L

_t

o i'? .l t,: a I /'t I

,g I i; .4.1 4 t,,L QLl
r 19, i4 t1 i.1h L/ {:4 ') ?-)

') .{':') r,l { tJ 
';,')

ll.ti ,1 ') , ^,- r. /. /,, -i"L
/1. t5 t i\.ct ,l t :i' 1. 1-,- ;2

.t )k Q.')-,- ,; )A F,9r
r,, /.,9, a..59 l.. l-,A if a,G
R(\ , '7< R rif, n9r 1C.t

9..qt 1. t-, Qzz It r L, .)4

o.t



OBRIEN6GERE

II{_SITU PERMEABILITY TEST
FIELD LOG

PROJ

WELL

DATE

h

ECT L
NUMBER

4

+Fr

t=€

LOCATION

ELEVATION

{)ifiR.{ /rto /)?t)

G,n1
WATER

DEPTH h

H-h
H-Ho

H

sTArlc HEAD (H) 11 b7

PIPE RADIUS (r) ,tLL

scREEN RADTUS (R) .33

scREEN LENGTH (L) -lI-
tNtTtAL HEAD (Ho) ?JI
HYDRAULIC CONDUCTIVITY :

K=rztn(t/R)
2LTo

l(= I O-s c,n
J.? x,D- ft ec-

t=0

l*n

T
Ll

DAN'}/l

t.o
o.9
o.8
o.7

o.6

o.5

,To ) O.37

o.3

o.2

a t') t3 D ?.1,7 I
5 /1,t. /1 -) {:1.: crS

.1p, i,., .'iA ,/n ? ,t.? q3
I I t.,t t tL ll,r.'l''\ I l/ I t.') qt
.it t .')'!: Q :'t:. , F,q
rl::( i."t1 q t '11') q ;,i
J lt't t4. 7i +t, tt: tl');' )ci
/) tit /4 l,-; ?, tt IL2 ",

-j >.

c) !,/,, l1 Ah LI 
.1,, L tt 9,7 b4

ta, lb t).t1 t./, t i., t.,1 . L',? {,
lf, i'f,' it r) .4t',.{.u- i7 F,'t
117 tk, R ),,i 4 ?tl'-' rr.., 24 )c.

o.t



== O'BRIENEGERE

Ii{-SITU PERMEABILITY TEST
FIELD LOG

PROJ

WELL

DATE

ECT
/:

NUMB

-{ lr-r

t=€

l+n
DATUM

LOCATION

ELEVATION

@,x ).IIME

WATER

OEPTH h

H-h
H-Ho

H

t

t=0

srAlc HEAD (H) ,78,1q'

P|PE RADlus (r) JW
scREEN RADTUS (R) ,c'i3'

scREEN LENGTH (L) d-
rNlTlAL HE{D (Ho) )W
HYDRAULIC CONDUCTIVITY :

K=12tn(L/R)

ZLTo

K: Jt r lc;l u"fsee
E,'7 x lo-t' Crlset

h T
L

_J_

r.o
o.9
0.8
o.7

o.6

o.5

.To ) O.37

o.3

o.2

It i

f-) /t/.,1 / D AD. {/ I
,') 1 r4.3'n )1 A t 1,r.)

t1t'. i).'7i i .30 4A.)< ,'14
ictl r').i?, i c/'l )) q? .l,'.'/

tt, ') t .e.r,q )1 )q . -iQ,

4'-tll t f, . l;,.'l 1Srt ?r1 ll;
4,*: it',.C'O 4,5it 9,i tr': ,4.4
{ot I .;i .5,r-'rt ?'1. qq '1 (,,

r,.')< Q t7 /),))' 2< L;2 l)
fr,1,.{ Q.qq 9.t,5 1/ 1,,'l .1t
t LPr .14' i4 fir) t 1.a,1 . c')

o.r rt



(IBRIENEGERE

II\i-SITU PERMEABILITY TEST
FIELD LOG

PROJECT i'!,-, L , LOCATION

ELEVATIONWELL NUMBER ri I ,-.- c' I-

DATE

-{ h-'
WATER

DEPTH h

H-h
H-Ho

h

t.o
o.9
0.8

o.7

o.6

o.5

.To ) 0.37

o.3

o.2

t=6

l*-n
DATTJM

t

STAIC HEAD (H) iq,'t I

PIPE RADIUS (r) , oL3

SCREEN RADTUS (R) .+s

SCREEN LENGTH (L) r(:l

lNlTlAL HEAD (Ho) 4,)

HYDRAULIC CONDUCTIVITY :

K=r2rn(t/R)
2LTo

l(:

t=0
H

T
L

-I

\ rA-

,)

T. L
t., \

I'.,:.. ,1r
l. 0 i'

r. _t
!

t)

|;
ti' I,. Ii

ta

{< ,ttg
tr 'rl -

sa i;'tJ t*'l I
, .-J ':

_ _-.:1!'_ -u-i5-. _ tl-:_( , ? )r'
| _, (-' _t. C -__

-1:l) 
-

- l - -f-:r;\

---r,ll .-i.

--*it i -
,-'1Y

-,'c Y 7-
i r);9

o.t
to 20 JO TIME

,l
Lto )l' bi' 7t)
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oBRIENEcERE

PROJECT

WELL NUMB

DATE

+Fr

t=€

h

l.- n
DATUi,l

t.o
o.9
o.8

o.7

o.6

o.5

rTo ) O.37

o.3

o.2

srATrc HEAD (H) 3t ?

PIPE RADIUS (r) Ct3

ScREEN RADrus (R) 'LF7

lNlTlAL HEAD (Ho) ,9L55

HYDRAULIC CONDUCTIVITY :

K=rztn(u/R)
ZLTo

Ii{_SITU PERMEABILITY TEST
FIELD LOG

LOCATION

ELEVATION

/r)

WATER

DEPTH
(n,,;) H-h

H-Hoh

H
t=0

T
L

_L a

f(= 4.5 x t D-''l cn /see
l" f xrD-t ct/sei.

)

c I t,q :t c lP SF I
qL! I l). !,:'C .7c 4c',r-:.(, L/

?D ? t;4 I ll", :;. I ;ittJ .t;i
i.) h c/. t.,l) fr3 ),c,1F,
l1f Q li, L, ,).:), t,i . t-l !.. L]

14 t;' -1. t'"1 Ll t,t) -<.1 Llt. .'/
3'7 { "l ..^t I i L,,,,J:) '1i". ,> il.

o.t

i'xn



OBRIETU6GERE

PROJECT rttC (
WELL NUMBER mtt ) /,,-i
DATE

-.{ Fr

t=G

II{-SITU PERMEABILITY TEST
FIELD LOG

LOCATION

ELEVATION

fi?(",i ;.J-1: /,V')

G") t,,r)
TIME

WATER

DEPTT.I

H-h
h H-Ho

t=0H

T
L

_t

h

srAIC HrAD (H) lffi
PIPE RADIUS (r) ,fr3
SCREEN RADTUS (R) .0i3

scREEN LENGTH (L) tr-
rNrrlAL HEAD (Ho) !fi
HYDRAULIC CONDUCTIVITY :

K:rztn(t/R)
ZtrTo

l(: -Ll' gn

.,l3rrr"l- F+ fsee-

I-n
DATUM

l.o
o.9
o.8

o.7

o.6

o.5

.To ) O.37

0.3

o.2

("q

L,- h.t4? C jt !i)
.1t) 1.no . ?.'l l.;? 00 t) r*,L
c/ Q. 1 i,,/,, 7t tl44 /-,-a

)'1 l ,),4
,iJ.:

)'/ /\ ,\ ./ r1i ;t "r- '' '? .'

r <j
t 4',) 1 :)1 1 :2'-) '.) (t '.

,-) ^-- . / , ('
'1 :l:' tt2 ',) .. ,o

lll

Qhr) li.1q /.1 2 t4')r t) t';-

o.t
A 3-rrrtre

(n,il)
5



OBRIENEGERE

II{-SITU PERMEABILITY TEST
FIELD LOG

NLC/' i,i'li/.!/: ilPROJECT

WELL NUM B EB i!? u) /,.1)
LOCATION

ELEVATION

/,r.r, rz

DATE ,)

(sx
)

WATER

DEPTH
H-h
H-Ho-{ Fr h

t=€
STATTC HEAD (H)

PIPE RADIUS (r)

SCREEN RADIUS (R)

SCREEN LENGTH (L)

INITIAL HrAD (Ho)

HYDRAULIC CONDUCTIVITY :

x:r2tn(t/R)
ZLTo

t3.11

&
iF3

,-lc
IL.E-

t

t=0
H

'.:l

::'l
.,.1

T
L

-I

h

r.o
o.9
o.8

o.7

o.6

o.5

To ) O.37
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o.2

L?
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,.., <..ai . /.:?
ci ,,, )c/ l Ct ')

I
o.t
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PROJECT tt_)t-CC
WELL NUMB fi1tt ) 'J
DATE

-{ lr- r

t=€

II{-SITU PERMEABILITY TEST
FIELD LOG

/ t-'LOCATION

ELEVATION

ht,*\
TIME

WATER

DEPTI{
H-h

STATTC HEAD (H)

PIPE RADIUS (r)

SCREEN RADTUS (R)

SCREEN LENGTH (L)

lNlTIAL HEAD (Ho) ;2A,7',

HYDRAULIC CONDUCTIVITY :

K=r2tn(t/R)
2LTo

(: 3,5 |tD-l t''/"r"
l,;] t rD-tr (r/oec

ff;
,(,?"2

, (?,
-c /,_ )

1-)IJ
H

t

t=O

h T
L

_J_
l-n

DATUM

t.o
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0.6
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APPENDIX D

Glacial Till Grain Size Curves

and

Laboratorv Hydraul 'ic Con ducti v'ity Test Resul ts
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